To assess the impact of organization-directed workplace interventions on physician burnout, including stress or job satisfaction in all settings, we conducted a systematic review of the literature published from January 1, 2007, to October 3, 2018, from multiple databases. Manual searches of grey literature and bibliographies were also performed. Of the 633 identified citations, 50 met inclusion criteria. Four unique categories of organization-directed workplace interventions were identified. Teamwork involved initiatives to incorporate scribes or medical assistants into electronic health record (EHR) processes, expand team responsibilities, and improve communication among physicians. Time studies evaluated the impact of schedule adjustments, duty hour restrictions, and time-banking initiatives. Transitions referred to workflow changes such as process improvement initiatives or policy changes within the organization. Technology related to the implementation or improvement of EHRs. Of the 50 included studies, 35 (70.0%) reported interventions that successfully improved the 3 measures of physician burnout, job satisfaction, and/or stress. The largest benefits resulted from interventions that improved processes, promoted teambased care, and incorporated the use of scribes/medical assistants to complete EHR documentation and tasks. Implementation of EHR interventions to improve clinical workflows worsened burnout, but EHR improvements had positive effects. Time interventions had mixed effects on burnout. The results of our study suggest that organization-directed workplace interventions that improve processes, optimize EHRs, reduce clerical burden by the use of scribes, and implement team-based care can lessen physician burnout. Benefits of process changes can enhance physician resiliency, augment care provided by the team, and optimize the coordination and communication of patient care and health information. 
T he prevalence of physician burnout is substantial, with more than half of US physicians reporting at least one symptom of burnout, which is significantly higher than that in the general population. 1 Burnout is defined as a long-term stress reaction marked by loss of enthusiasm for work (emotional exhaustion), feelings of cynicism (depersonalization), and a lack of sense of personal accomplishment. 2 Causes of physician burnout include time pressure, chaotic environments, requirements for electronic health records (EHRs), and responsibilities outside of work. 3 Physician burnout can affect physician health and quality of care. 4e6 As a result of stress, physicians may experience depression or anxiety, may engage in alcohol and/or drug abuse, 7 and have suicide rates that are 1.2 to 2.4 times higher than that of the general population. 8 Work-related stress can also lead to lower patient satisfaction and care quality and increased medical error rates and malpractice risk.
9e11 Burnout also has potentially serious financial implications for the health care system 12e14 by leading to physician shortages and in costs to replace a physician, which can exceed $500,000 to $1,000,000 per physician. 5, 15 Interventions to address burnout have been classified as either physician-directed or organization-directed. 16 Physician-directed interventions aim to enhance resilience among physicians through activities such as promoting mindfulness or cognitive behavioral techniques to improve an individual's ability to cope, communicate effectively, and increase competency. However, these supportive physiciandirected approaches may be insufficient because they address individual solutions. Burnout more often stems from organizationalor system-level factors, 17 and interventions to prevent burnout may be more effective when they focus on changing the system rather than individual physicians. 16 Some examples of organization-directed interventions include changing schedules, reducing the intensity of workloads, improving teamwork, and increasing physician participation in decision making.
To date, the effectiveness of organizationdirected workplace or workflow interventions has not been fully examined. The objective of this review was to assess the evidence on the effect of organization-directed workplace interventions on physician burnout systematically.
METHODS

Search Strategy
MEDLINE, Embase, and the Cochrane Library databases were searched on October 3, 2018, for relevant articles published in English from January 1, 2007 , to October 3, 2018 , that reported on organization-directed interventions for physician burnout related to work, the workplace, or workflow. Search terms included physician, burnout, stress, workflow, time and motion studies, lean, work engagement, psychosocial factors, work behaviors, health outcomes, job performance, job satisfaction, job-person fit, organizational factors, and quadruple aim. Manual searches of grey literature including key conferences and organization websites and bibliographies were also performed. Search details are available in Supplemental Tables 1 through 7 (available online at http:// www.mcpiqojournal.org).
Screening Process
One investigator (K.J.T.C. or A.A.) screened all titles and abstracts for eligibility against a priori established inclusion criteria (Supplemental Table 8 , available online at http://www. mcpiqojournal.org). Studies marked for inclusion underwent full-text screening by 2 independent reviewers (K.J.T.C. and A.A.), and discrepancies were resolved by adjudication or, if necessary, by a third reviewer. All results at both title/abstract and full-text review stages were tracked in DistillerSR (Evidence Partners).
Data Extraction and Quality Assessment
Included studies were extracted into structured forms by one reviewer (A.A.) and checked for accuracy and completeness by a second (K.J.T.C). Study quality was assessed using the Oxford Centre for Evidence-based Medicine Levels of Evidence 18 (Table 1) by 2 independent reviewers (K.J.T.C. and A.A.), and disagreements were resolved by a third reviewer (T.B.).
RESULTS
Literature searches yielded 633 unique citations (Figure 1 ), of which 140 articles were
ARTICLE HIGHLIGHTS
d There is increasing awareness that physician burnout is a cause of diminished health and retention of physicians and their care teams, quality of patient care, and viability of health care systems. Many causes of burnout derive from organizational-and system-level factors, including electronic health records (EHRs).
d Most studies evaluating the impact of organization-directed interventions on physician burnout are of poor quality. More randomized controlled trials are needed to adequately test the effect of organization-directed interventions on physician burnout.
d There is evidence from a few high-quality studies that (1) the largest benefits result from interventions that improve workplace processes, promote team-based care, and incorporate the use of scribes or medical assistants to complete EHR documentation and tasks; (2) modifications to intensivists' schedules for shift work or interrupted schedules significantly reduces burnout; and (3) duty hour requirements and protected sleep have no significant effect on reducing burnout among residents.
d Evidence from poor-quality studies suggests that EHR training and technological improvements of EHR reduce burnout; however, evidence from high-quality studies is needed to identify which technological improvements have the greatest impact. Characteristics of Organization-Directed Interventions Interventions were categorized into the "4Ts," a unique categorization created for this study: Teamwork, Time, Transitions, and Technology. Figure 2 provides an overview of the types of interventions and number of studies that fell into each category. Teamwork involved initiatives to incorporate scribes into EHR processes, expand team responsibilities, and improve communication among physicians. Studies about Time evaluated the impact of duty hour limits, schedule changes, and time-banking initiatives. Transitions referred to workflow changes such as process improvement initiatives or policy changes within the organization. Technology related to the implementation or improvement of EHRs.
Thirty-eight of the 50 studies were designed to measure the effect of an organization-directed workplace intervention on physician burnout, job satisfaction, or stress. Eleven of the remaining 12 studies (22.0%) employed a workplace modification not specifically designed to address burnout but included outcomes related to it (the 12th study was a systematic review of several interventions that are included in the 50 studies we assessed). Thirty-five of the 50 workplace interventions (70.0%) successfully decreased physician burnout or stress and/or improved job satisfaction (Figure 3) . A large proportion of interventions pertaining to Teamwork and Transitions had a positive impact on burnout, whereas, interventions categorized as Time and Technology had a less consistent overall impact on burnout. High-quality studies were limited to Teamwork, Time, and Transitions interventions (Figure 3 ).
Teamwork
Twenty of the 50 included studies focused on improving teamwork through team-based care models, use of scribes to enter EHR data, and encouraging communication between physicians. 19e38 All of these subcategories of teamwork generally improved burnout, satisfaction, and stress (Table 2) . A crosssectional survey associated greater perceived capabilities of the care team with lower prevalence of exhaustion and cynicism, a higher likelihood to recommend the clinic as a place to work, and greater feasibility of providing primary care. 38 Expanding the duties of medical assistants to add EHR documentation, health coaching, or navigation and/or management of population health and between-visit care improved survey scores of professional fulfillment 34 and practice satisfaction. 19, 23, 24, 26, 27, 30, 35 Notably, 9 of the 20 studies examined the impact of scribes, and 7 of the 9 studies examining the use of scribes successfully improved clinic workflow efficiencies. 20, 21, 23, 24, 26, 27, 30 Finally, providing full-time clerical support for physician order entry in primary care (n¼16) also decreased weekly self-reported burnout (baseline, 43%; 4-month follow-up, 14%; P¼not reported). 20 The benefits of increasing physician-tophysician communication by providing social support through the availability of physical spaces or allowing for more opportunities to connect with their peers was evaluated in 2 trials. 36, 37 One of them, which randomized participants by sex and specialty, compared informal vs formal group curriculum to enhance communication. 37 The curriculum allowed physicians to share personal and professional experiences, promote wellness and mental health, and improve their understanding of clinician-patient relationships. Depersonalization, emotional exhaustion, and overall burnout decreased substantially over 1 year in the group given the formal curriculum and increased in the informal group (P¼.03 and P¼.002, respectively). 37 
Time
Fourteen studies evaluated the effect of interventions limiting working hours, modifying work schedules, or promoting time banking to relieve physician burnout or stress or improve job satisfaction.
39e52 Of these, 8 (57.1%) reported a positive impact ( Figure 3 , Table 2 ). 39,41e46,52 The effect on burnout of restricting the number of hours physicians are allowed to work, primarily residents or interns, was examined in 6 studies. 40, 43, 44, 47, 49, 50 Only 2 of these studies found that limiting work hours alleviated burnout. 43 49 and depersonalization. 50 Similarly, according to a qualitative evaluation of the 2009 UK Working Time Regulations (WTR), the WTR "actually increased fatigue and stress" due to the pressure to get the same amount of work done in a limited time frame. 47 On the other hand, interns randomized to receive 5 hours of protected time to sleep while on call reported significantly lower levels of MBI-assessed emotional exhaustion and MBI-assessed depersonalization over 6 consecutive 4-week periods. 51 Similarly, surveys of junior doctors found that after 6 months of WTR compliance, those working schedules that required 7 consecutive nights experienced a greater accumulation of fatigue when compared with those limited to working just 3 or 4 nights in row. 52 A time-banking intervention for medical school faculty found that institutional recognition of time spent on additional activities, such as teaching, clinical service, and mentorship, improved job satisfaction (P¼.02). 41 Transitions Nine of the 50 identified studies (18.0%) evaluated the effect of workflow changes in the workplace. 25,28,29,53e58 Eight of these studies reported that changes to workflow redesign, including targeted quality improvement projects and separating workflows, had a substantial and positive impact on physician burnout, job satisfaction, and/or stress ( Figure 3 , Table 2 ). 25,28,29,53e56,58 Quality improvement interventions that improved processes ranged from streamlining prescribing tasks, establishing quality metrics, and changing workflows. Interventions were often described as evidence-based or utilized a specific methodology such as Six Sigma. The highest-quality study from this category observed a significant improvement in physician burnout following the implementation of quality improvement initiatives in areas that are most taxing for physicians, including improved routine screening processes and medication reconciliation (P¼.02). 28 Additionally, high-quality evidence revealed that physician satisfaction increased (P<.001) and stress decreased (P<.001) with quality improvement interventions. 29 
Technology
Ten studies focused on technological interventions to improve efficiencies in the workplace, and all were centered around EHR health information technology.
59e68 Five (50%) of the 10 studies reported interventions that successfully improved burnout, satisfaction, and/or stress ( Figure 3 , Table 2 ).
64e68 All 3 studies with interventions evaluating EHR improvements significantly improved satisfaction and decreased stress (Table 2) . 64, 65, 67 With the exception of Menachemi et al, 66 interventions of EHR implementation in a workflow generally worsened or had no effect on burnout or its indicators. 59, 60, 63, 66, 68 Trends identified within these studies included perceived insufficient training contributed to EHR ineffectiveness; EHR use by the physician within clinic visits negatively impacted patient-centered communication; and physician characteristics associated with less satisfaction included older age (>55 years), male sex, and surgical specialties. Two studies concluded that EHR adoption 63 and EHR systems with more features have been associated with greater physician stress. 60 Similarly, higher keyboard use was associated with poor physician satisfaction regarding EHR use (P¼.04). 59 Some features of EHRs and their use were assessed to provide insights. The authors noted that physicians who were satisfied with various applications of information technology, including EHR usage, personal device assistant usage, use of email with patients, and use of disease management software, were 4 times more likely to be satisfied with their medical practice (odds ratio, 3.97; 95% CI, 3.29-4.81). 66 A 4-year longitudinal study correlated the following with greater satisfaction with EHR adoption by physicians (n¼119): affordability of incorporating EHRs into the practice, greater preintervention satisfaction with their practice, and finding that the EHR was easy to use. 63 More personal or professional stress before EHR implementation was correlated with greater EHR adoption satisfaction. 63 Physicians who reported that they use EHRs in more sophisticated ways (eg, for more aspects of their practice, documentation, and prescription writing) were more likely to view EHR adoption as improving all aspects of clinical practice in a cross-sectional study. 68 
DISCUSSION
This systematic review identified 50 studies evaluating the effect of organization-directed workplace interventions on physician burnout, of which 38 were designed specifically to alleviate burnout or improve its associated indicators, such as job satisfaction, stress, emotional exhaustion, or fatigue. The remaining interventions were not designed to reduce burnout but captured outcomes related to burnout. Interventions were stratified into 4 unique categories created for this study: Teamwork, Time, Transitions, and Technology. Workplace changes promoting Teamwork including the use of scribes or medical assistants to reduce the clerical burden of EHR use were the most frequent and successful organization-driven interventions to decrease burnout and improve job satisfaction. Other successful interventions included process improvement for workplace Transitions, schedule adjustments and time banking (Time), and improvements to Technology regarding the EHR.
Physician burnout is compounded by recent changes to clinical practice. These modifications include an increase in clerical duties, accountability for varied quality metrics, and organizational changes to health care delivery including new payment and delivery approaches, EHRs, and new EHR-generated tasks like managing patient portal communications. 70, 71 Studies have documented that for every clinical hour spent with patients, physicians spend nearly 2 additional hours completing administrative tasks and data entry in the EHR 72 with up to another 2 hours of personal time at night. 72 Although the integration of EHRs was meant to enhance the coordination and quality of care, it generated unintended consequences that appear to raise the risk of burnout. 17 Our review results suggest that relatively few high-quality studies have evaluated the potential benefits of Transitions to workflow in relieving and preventing physician burnout. One highly beneficial intervention was a change in workflow that reassigned tasks from the physician to medical assistants, nurses, and physician assistants. 28 This modification to the workflow supports the team-based care approach to reduce burnout. Quality improvement (lean) interventions identified in this study to improve unit workflow were not designed to improve burnout per se but were particularly successful at improving measures related to physician burnout. These successful interventions acknowledged that leadership support was required to redesign workflow with the goal of increasing staff productivity and efficiency.
Teamwork interventions consistently improved physician burnout, satisfaction, and stress. High-quality evidence provided the value of Teamwork to improve clinic workflow efficiency, such as timely and accurate medical record completion. Our included studies did not generally measure the effect of teamwork on an intermediate outcome, such as out-ofclinic time to complete clerical work. However, 2 low-quality studies noted that productivity increases led to fewer hours spent on EHR documentation outside of work. 30, 52 In-room clinical and clerical support provided by medical assistants or scribes particularly for EHR completion have reduced burnout, reallocated time for clinical care, and improved face-toface patient interactions. 23, 24, 26, 27, 30, 35 In support of these findings, a recent Veterans Health Administration study determined that physician burnout was more prevalent when tasks and responsibilities were not shared with other team members. 73 Better communication among staff is part of optimizing workflow, with results from a prospective study revealing that communication improvement among staff and physicians was especially effective at reducing burnout. 28, 29 Other successful Teamwork interventions supported peer-to-peer communication. Providing physicians with a sense of community bolstered by a culture of appreciation, support, and engagement can help reduce burnout. 37 Executive leadership can encourage this type of professional environment by providing protected time that allows physicians to enhance their professional development and engage with colleagues. This review identified a limited number of studies evaluating organization-directed interventions aimed at promoting professional training and support at work. Results from a randomized controlled trial suggest that providing physicians with employer-allocated support (time and sponsorship) for small-group discussions focused on mindfulness, reflections, shared experience, and small-group learning improved empowerment and engagement and reduced depersonalization. 37 Despite the paucity of robust studies evaluating the benefits of leadership-driven physician support programs, available evidence suggests that fostering professional development through discussion groups and training can alleviate burnout and enhance the quality of care.
Time interventions had mixed results on physician burnout. One frequently mentioned organization-directed intervention is the impact of nationally imposed physician and resident work hour restrictions on burnout. In the United States, the Accreditation Council for Graduate Medical Education has recommended that residents work a maximum of 80 hours per week, with the goal of supporting resident well-being, furthering their education, and improving patient safety. However, while addressing exhaustion and burnout of residents remains essential, the reported benefits of working hour limits varied. Only 2 of the 6 studies that evaluated work hour limits for residents reported a lower rate of burnout. 43, 44 Residents or interns reported that while working time decreased, workload did not, which ultimately worsened stress and fatigue. 47 Therefore, interventions focused on restricting working hours may not be effective in reducing burnout if they only alter this one factor and fail to address the other organizational factors contributing to burnout.
Successful Technology interventions were limited to the improvement of EHR-related health information technology use. Even though health information technology is significantly contributing to burnout, there is hope that Technology may be a remedy. The role of clinicians has continuously evolved over the past 2 decades from writing notes on paper to transcribing notes. Future studies may examine the value of leveraging voice recognition systems to add notes to a patient's medical record or using digital health technology components like clinical decision support tools or machine learning for the augmentation of patient care.
Strengths and Limitations
To our knowledge, this is the first systematic review focused exclusively on the effect of organization-directed workplace interventions on physician burnout. Unlike previous reviews, 16, 74 our review included 11 interventions (22.0%) not designed to decrease burnout but that measured burnout indicators as an indirect outcome of system changes. As a result, this systematic review has included more workplace intervention studies compared with earlier reviews and taken a more explorative evaluation of these organization-directed interventions that could affect physician burnout. Our comprehensive evaluation established the "4Ts" framework (Teamwork, Transitions, Time, and Technology) to address physician burnout interventions in the workplace, which may clarify the approach and emphases of future research.
The findings from the systematic review are limited primarily by differences among the included studies. Given the range of study designs, study settings, interventions, and outcomes measured, it is not possible to compare the effectiveness of individual workplace changes. Follow-up times were of generally of short duration (range, 1 week to 7 years). (Table 1 ). All Technology studies were of poor quality. Limited studies identified in our review had both a robust design and used validated instruments to measure burnout, such as the MBI. Additionally, few studies employed bivariate or multivariate analyses to group individuals by study variables. Lastly, because 14 (28.0%) of the included studies are conference abstracts, there is incomplete information on the study population, interventions, and methodology, which made it difficult to fully evaluate the study results and quality.
Future Directions
The future of high-quality affordable care in the United States depends on a large and dedicated supply of physicians. This supply is potentially threatened by the growing prevalence of physician burnout, which has significant consequences for the health of both physicians and patients, as well as the sustainability of the health care system. Physician burnout has expanded the health system performance triple aim (improved population health and patient care with lower costs) 75 to the quadruple aim (triple aim plus improving the work life of health care professionals). 76 As an example, comprehensive care can support both the triple and quadruple aims in primary care; comprehensiveness of practice among family physicians was associated with improved outcomes 77 and lower costs, and a causal link between scope of practice and physician wellness was identified. 70 In regard to the workplace, practice redesigns that extend the scope of practice or encourage physicians to spend more than 20% of their time on a meaningful activity 78 may help to achieve the quadruple aim.
The most efficacious strategy to alleviate physician burnout will target organizationdirected changes rather than the level of the individual. Given the negative consequences of burnout, it is imperative that executive leadership within health care organizations support the implementation of evidence-based interventions 79 that encourage Teamwork, manage working Time requirements, Transition workflows, and improve Technology. However, there may be additional information required to understand how the workplace environment contributes to physician burnout. The National Academy of Medicine outlines potential organizational, practice, financial, and regulatory environment considerations to identify increased risk of burnout. 80 Recently, a collaborative report of distinguished Massachusetts institutions issued a call to action to fight physician burnout. 81 It was recommended that every major health care organization appoint an executive-level chief wellness officer to champion burnout reduction and its etiology. And echoing our findings, it was recommended that EHR standards be improved with strong focus on usability and open health care application programming interfaces to better customize system workflows and interfaces to allow agility. Moreover, the American College of Physicians has put forth 7 recommendations to mitigate the adverse effects of excessive administrative tasks on physicians, patients, and the health care system. 82 The recommendations are aligned with the findings from this study, including a focus on streamlining administrative tasks and reducing high volumes of clerical work.
CONCLUSION
Over the past decade, most workplace intervention research studied attempts to alleviate burnout by streamlining workflow via teambased interventions, promoting teamwork to provide patient care and offering professional growth and support opportunities, being mindful of physician schedules and reducing their workload, and improving use of the EHR. Differences among studies make it difficult to directly compare the effectiveness of each type of intervention. However, evidence from highquality studies suggests that streamlining workflows, providing leadership-driven professional support opportunities, and reducing the administrative burden of EHRs through teambased care by the use of scribes and medical assistants generally improve physician burnout.
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